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(54) ANTIREFLEGTION OR LIGHT-ABSORBING COATING COMPOSITION AND POLYMER 
THEREFOR 



(57) A composition for an anti-reflective coating or a 
light absorbing coating, wNch shows good light absorp- 
tion for ligftts of 100 - 450 nm in wavelength, suffers nei- 
ther footing nor intermixing, and has excellent storage 
stability and step ooverage. and novel copolymers to be 
used therein. The novel polymers comprise acrylic or 
methacryfic copolymers or terpolymers, at least having 
tx)tii recurring units (1) wtierein an amino group- or 
hydroxyl-group containing organic chromophore capa- 
t>le of absori^ing lights of 1 00 to 450 nm in wavelength is 
chemically tx>und to the cartx)nyt group txxjnd to a car- 
bon atom in the main chain, directly or through - 
NHCXY- (wherein R^ represents an alkylene group. X 
represents O or S. Y represents O or NRe, Re repre- 
sents H. a sukistituted or non-sut>stituted. straight chain 
or cyclic alkyl group or a phenylene group) and for 
example recurring units (2) wherein a douksle kx)nd-or 
epoxy group-containing all^ group is chemically tx>uti6 
to the carisoxyl or oxygen group bound to a carixxi atom 
in tiie main chain. The composition containing the 
copolymer is coated on a wafer to form a txsttom anti- 



reflective coating arxJ. after coating tiiereon a photore- 
sist deep UV exposure and development are con- 
ducted to form a resist image with high resolution. 
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Description 

Technical Field 

5 [0001] The present Invention relates to a composition available for forming an antkeflectlve coating such as a bottorn 
anti-r^lective coating or a light absorbing coating, a polymer used in the composition, a method for forming an anti- 
reflective coating or a light absorbing coating, an anti-refleclive coating and a light absorbing coating formed by the 
method, a method for formng resist patterns and a method for integrated circuits by use of the composition. 

10 Background Art 

[0002] In manufacturing semiconductors. Oner and finer patterning of resist images has been required and attempted 
to attain Wgher Integration. In order to satisfy this requirement, there have been made development and improvement 
of lithographic techniques using short-wavelength exposure tools such as deep-UV. As photoresislB showing high per- 
is formance when eased to deep-UV. there have been known chemically amplified, deep UV (100-300 nm) positive- or 
negettive-working photoresists. While such ensure tools in combination of the chemically anplified, high performing 
photoresists enable one to pattern with less than quarter micron line width, there still remain several other problems that 
need to be solved in achieving such high resolutions. One such problem well known in the art is called "standing waves- 
arising from interference between incident light and reflected light of the incident light reflected on the siAstrate surface. 
20 Another problem is the difficulty In uniformly controlling the line width in single layer resist process due to thin f am inter- 
ference effects resulting from highly planar and non-planar substrates. Various reports have been made. For example, 
there are illustrated the report of M. Han in SolM State Technotogy, Nov. 1991. p. 57. the report of T Brunner, Proc. 
SPIE. vol. 1466 (1991), pi297, ete. In addition, as a cause whteh causes pattem distortions, there is the phenomenon 
called reflective notehing which is caused by Ught reflected angularly from topographical featurea TWs is discussed by 
25 M. Bolsen. a Buhr, H, Menem, and K. Van Warden, in SolkJ State Technology, Feb. 1 986, p.83. 

[0003] Lithographic techniques to solve the problems ipon forming patterns on reflective topography include addition 
of dyes to the photoresists as described in U.S. Pat Nos. 4,575,480 and 4,882.260, etc. htowever, when a dye is added 
to the photoresist to form a film having high absorption to the light of exposing wavelength, drawbars such as decrease 
in resist sensitivi^. diff toulties during hardening processes, thinning of the resists in alkaline developers and sublimation 
so of the dyes durnig baking of the fOms are encountered. In addition to the technique of adding dyes to photoresists, top 
surface imaging (TBI) processes, multilayer resists (MLR) method as described in US. paL Na 4.370.405 also help 
solve the problems associated witii reflection but such mettiods are not only complex but also ex^ 
ferred method. Single layer resist (SLR) processes dorhinate semiconductor manufacturing because of their oost-effte- 
tiveness and simplk^. 

35 [0004] Another strategy to eliminate the interference of lights is to reduce the sul)strate reflectivity tfirough the use of 
so^alled bottom anti-reflective coatings (BARCs). These coatings have ttie property of absortxng tiie light which 
passes through the photoresist and not reflecting it back and prevent the reflection by tiie sttetrate. As tiie txrttbm anti- 
reflective coatings, there are krxwn inorganic types and organte types. Inorganic types include coatings of TIN, TiNO, 
T1W or inorgank; polymer of 300 A in thk:kness. as described in C. Nolscher et al.. Proc. SPIE, vol. 1086 (1989), p.242. 

40 K. Bather. H. Schreiber, Thin SolM Rims. 200. 93 (1991). Q. Czech et al.. Mk:roelectronic Engineering. 21 (1993), p.51 . 
In additton to these coatings, there are also known inorgarvc coatings such as a titanium coating, a chromium oodde 
coating, a carbon coating, an a-silicon coating, eto. These Inorganfo anti-reflective coatings are usually formed t?y vac- 
uum deposition. CVD, sputtering or the like. However, formation of such coatings requires accurate control off tiie film 
thickness, uniformity of film, special deposition equipment complex adhesion promotion techniques prior to resist ooat- 

45 ing, separate dry etching pattern transfer step, and dry etching for removal. Some of the inorganfo coatings can not be 
used in manufacturing integrated circuits due to their conductivity. 

[0005] On the other hand, as the organic anti-reflective coatings, tiiere are illustrated those formulated by adding dyes 
which absorb light of the exposure wavelengtii to a polymer coating (Proc. SPIE. Vol. 539 (1985), p.342). This dye-con- 
taining, anti-reflective coating can k>e fonned on a substrate in the same manner as with photoresists, arxl does not 
so require any special equipment as is different from the inorgank: anti-reflective coatings. However, they involve such 
problems as 1) separation of the polymer and dye components during spin coating, 2) dye stripping into resist solvents, 
and 3) ttiemel drffusfon into the resist upon ttie baMng process. All these factors cause degradation of resist properties, 
and tfieretore the technk^ue of adding a dye to tiie polymer coating to form an anti-reflective coating is not a preferred 
one. 

55 [0006] Chemically bincfing tiie dyes to film forming polymers is another option. Fahey, et al. (Proc, SPIE, Vol. 2195, 
p.422) report to use a reaction product obtained by reacting an amino group possessing dye with the anhydrkJe groips 
of poly(vinylmethyl ettier-co-maleic anhydrMe) as the material for forming the anti-reflective coating. The problem with 
this type anti-reflective coating material is that the reaction t}etween amine and the anhydrkle groups are not always 
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100 % complete and this leads to presence of free antines (refer European unexamined patent application No. 
0583205. page 5, lines 17-20). The remaining free amine causes poisoning at the interlace between the anti-reflective 
coating and the resist coating especially when a chemically amplified resist is used as the resist, and this leads to a 
problem called footing: incomplete dissolution of the exposed resist upon development. In addition, there arises another 

5 problem that free dye molecules sutrfime during the baking process and deposits on the fabrication instruments and 
causes contamination problem as well as health hazard to the workers. One more problem of such compositions Is that 
imide compounds are poor in their solubility and need polar solvents normally not used in photoresist formulations. It 
would be ideal to use the same solvent for both the photoresist and the anti-reflective coating since the same coating 
apparatus is often used for applying the photoresist and the anti-reflective coating. Further, the by-product of imidization 

fo reaction, water, causes coaling defads during film formation. 

[0007] Another system Fahey et al. propose is materials wherein a copolymer of methyl methacrylate and 9-methy!- 
anthracene methaaylate is used as the anti-reflective coating. Again this system also shows footing problem due to the 
diffusion of photo-generated acid Into the anti-reflective coating when a chemically amplified resist is used as the resist 
(Proc. SPIE. Vol. 2195. p. 426) as well as intermixing of the resist material and the anti-refflective coating material. Such 

IS polymers are also Insoluble in prefenred solvent In the art such as propylene glycol monomethyl ether acetate 
(PGMEA). ethyl lactate, etc. 

[00081 U.S. pat. No. 5.234,990 discloses polysutfone and polyurea resins which possess inherent light absoitslng 
properties at particular deep ultra violet wavelengths. These condensation products have poor film forming property on 
a patterned wafer and therefore bad step-coverage and also formation of cracks perhaps due to high Tg and rigid struc- 
20 tures of such polymers, kf eally, a bottom anti-reflective coating materials shoukl be soft fbr good step coverage property 
before baking and also hardened at least after baking to prevent intemilxing off the photoresist and the anti-reflective 
coating as well as diffusbn of the photo-generated acid. 

[0009] Further. EuTX)pean unexamined patent apprication No. 542 008 discfoses an anti-reflective coating composition 
capable of forming a hardened anti-reflective coating after being applied, which comprises a phenolto resin binder. 
2S melamine type cross-linking agents and a tiiermal or photo acid generators. Such compositions are poor in their stor- 
age stabQity due to the presence of the cross-linking agents and ackl generators leacfing to high incidence of film 
defects, and their etoh rate is very slow due to the presence of rather large amounts of aromatic functional groups. 
[qOlO] In summary, a good bottom anti-reflective coating material shouM satisfy the following properties: 

30 a) good fBm forming property; 

b) high at>sorption at tiie desired exposure wavelength; 

c) no internrtixing with the photoresist; 

d) etch rate much higher than tiie photoresist; 

e) good step coverage on topography; 

35 f) at least Six montils shelf -life Stability; and 

g) the composition should be dissolved in an edge-bead rinse (EBR) solvent. 

[0011] Unfortunately none of tiie available bottom anti-reflective coating satisfies these properties. 
[0012] The present Invention provkies an anti-reflective or light-ab6ort>ing coating material which fuKfls the above- 
40 descrODed various properties; a composition containing this material and useful fbr forming an anti-reflective coating 
such as a bottom anti-reflective coating or a light-at)sorbing coating; a process for manufacturing the composition, and 
an anti-reflective or light absorbing coating using the material or the composition; a method fbr forming the coatings; a 
method for forming a resist pattem; and a process fbr manufacturing Integrated circuits. 

[001 3] The first object of tiie present Invention is to provide a composition capable of forming an anti-reflective coating 
4S or a light absorbing coating which reduces problems associated witti reflected light from the siibstrate and topography 
during pattem formation. 

[0014] TTie second object of ttie present invention is to provide a composition capable of forming an anti-reflective 
coating or a Oght absorbing coating having improved adheston to micro-electronic substrates, very good coating uni- 
formity and no partide fbnnation. 

so [001 5] The third object of tiie present invention is to provide a composition capable of forming an anti-reflective coat- 
ing or a light absorbing coating that has signif icantiy higher etch rate ttian the photoresist matericd applied on top of it, 
[0016] The fourth object of the present Invention is to provide novel polymers app&cable for anti-reflective coatings or 
light absort>ing coatings containing aoss-linWng and highly llght-absort>ing functions in a single nwlecule. and soluble 
In similar or same solvent as the photoresist material applied on top of it 

ss [0017] The fiftti object of the present invention is to provide nov^ polymers applicatDle for anti-reflective coatings or 
light-absort»ng coatings containing intrinsically cross-linking and highly at>soibtng functions in a single molecule elimi- 
nating ttie need for additives with cross-linking and highly llght-absort>ing functions. 

[0018] The sixth object of tiie present invention is to provkJe novel polymers whtoh are capable of curing (cross-link- 
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10 



ing) at the baking temperatures of the resulting anti-reflective coating or light at)sorbing coating to acquire such a high 
hardness after being baked that It is Impossible tor the photoresist top layer to cause intermixing with the coating, which 
cause no diffusion of an add generated in the subsequent steps and thereby prevent footing. 
[001 9] The seventh object of the present invention is to provWe novel polymers whtoh have chromophores capable of 
higly absorbing light of exposure wavelength and can sufficiently absorb light in a film thickness of 30 to 300 nm. and 
which can form an extremely thin anti-reflective coating or a light absorbing coating. 

[0020] The eighth object of the present invention is to provide a bottom anti-reflective coating or a light absorbing coat^ 
ing having good light absorbing properties. . , . ^ ^ uuu u 

[0021]., .The ninth object of the present invention is to provide a method for easily forming a resist pattern with high 

[^q^^The tenth object of the present Invention is to provide a method for easily manufacturing an Integrated circuH 

with higher integration. ^ . „ . ^ 

[0023] Other objects of the present inventfon will become apparent from the foUowing descnptions. 



IS Disclosure of the Invention 

[0024] The above^JesCTibed objects of the present inventfon can be attained by the polymers represented by the fol- 
lowing general formula I or 11 and the antl-ref ledive coating or the light absorbing coating containing this polymer. 



20 



General foxxnula I 



CO Ra 



so. 



ORiNHCX — TO 



R is a hydrogen atom or an alkyi group; Ri represents an alkylene group, a substituted alkylene group, a 
cydoalkylene group, a substituted cycloalkylene group, a phenylene group or a substituted phenylene groi^; R2 repre- 
sents an optionally substituted, vinyl group-containing phenyl group, -OR4 or -COOR4, in which R4 is an alkyI group 
having a double bond or epoxy group; R3 is a halogen atom, a cyano group, an acetate group, -COOH, -CONH2. a sut>- 

40 stituted or non-substituted phenyl grouR -COOR5 or -OR5, in which R5 represents a substituted or non-substituted 
straight-chained, cyclic or branched alkyI group, or an alkyI or aryl group containing an ester or caitwnyl group: X is 
either O or S; Y is either O or NRg group in whtoh Re is a hydrogen atom, an substituted or non-si4)stituted phenyl or 
cydte, straight-chained or branched alkyI group; D is an organfe chromophore which absorbs the exposed wavelengtii 
(1 00-450 nm) and represents a substituted or non-sUbstituted benzene ring, condensed ring, or heterocyclic ring bound 

45 directly or tiirough an alkylene group: and m and n represents any number above zero, while o is any number inducfing 
zera 



so 



ss 
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General formula II 



s 



R R R 



10 




CO ^ R3 



YD 



IS 



wherein 



R is a hydrogen atom or an alkyi group; R2 represents an optionally substituted, vinyl group-containing phenyl 
group. -OR4 or -COOR4, in which R4 is an alkyI group having a doutrfe tx)nd or epoxy group; R3 is a haiogen atom, a 
20 cyaho group, an acetate group. -COOH, -CONH2. a substituted or non-substituted phenyl group, -COOR5 or OR5, in 
which R5 is a substituted or non-substituted straight-chained, cyclic or branched all^ group, or an alkyI or aryl group 
containing an ester or caibonyl group; Y is either O or NRe group in which Re is a hydrogen atom, a substituted or non- 
sitetituted phenyl or cyclic, straight-chained or branched alkyi group; D is an organic chromophore which absofbs the 
exposed wavelength (100-450 nm) and represents a substituted or non-substituted, benzene ring, condensed ring, or 
26 heterocyclic ring bound directly or through an alkylene group; and m and n represents any numbers above zero, while 
o is any number irKlucfing zero. 

[0025] In addition, according to the present invention, there can t>e obtained an anti-f^lective coating and a light 
absoibing coating having a good non-intermixing property and neither causing footing nor leaving remaining resist fBm 
by using a composition for an anti-reflective coating or a light absorbing coating which contains a polymer containing at 
30 least the recurring unit represented l^y the following general formula III or IV. a aoss-linking agent and an optfonal ingre- 
dient of a thermal acid-generalor. 



General formula III 



R 




40 



CO 



ORiNHCX YD 



General f onmila IV 



46 



SO, 




CO 




[0026] In the general fomfiulae 111 and IV, R is a hydrogen atom or an all^ group; Ri represents an alkylene group, a 
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substituted alkylene group, a cydoalkylene group, a substituted cycloalkylene group, a phenylene group or a substi- 
tuted phenylene group; X is either O or S; Y is either O or NRe group in which Fl^ is a hydrogen atom, a substituted or 
non-substituted phenyl or cyclic, straight-chained or branched alkyi grotp; D is an organic chromophore which absortjs 
the exposed wavelength (100-450 nm) and represents a substituted or non-substituted, benzene ring, condensed ring, 
or a heterocyclic ring bound directly or through an alkylene group. 

[0027] The composition for anti-reflective coating or light absorbing coating containing the polymer having at least the 
recurring unit represented by the general fonnula III or IV and the cross-linking agent shows improved properties as 
described above, and addition of a thermal add-generator to the composition serves to more inprove the properties of 
the oonposition. Therefore, a composition for anti-reflective coating or light absorbing coating containing the polymer 
having at least tiie recunrtng unit represented by the general fbrnula 111 or IV. the cross-linking agent, and the thermal 
acid-generator is more prefen-ed. As to the proportion of the polymer having at least the recunring unit represented by 
the general fomrula III or IV and the cross-linking agent tiie polymer having at least the recun'ing unit represented by 
the general formula III or IV is Incorporated in an anx)unt of preferably 50 to 95 parts by weight and the cross-linking 
agent in an amount of 50 to 5 parts by weight. The optional component of thermal acid-generator is used in an amount 
of preferably 1 to 1 0 parts by weight based on the polymer. 

[0028] In accordance with the present invention, each of the above mentioned compositions is coated by a known 
coating method such as spin coating mettiod. spray coating method, dip coating method or roller coating method in a 
dry thickness of. for example. 300-50.000 A onto a reflective semiconductor substrate such as silicon undercoated witii 
hexamethyldlsilazane and baked to evaporate the solvent to form a thin film of anti-reflective coating such as bottom 
anti-reflective coating or light absorbing coating. Baking is conducted usually at 50 to 250 •C. A desired photoresist is 
applied on this thin film and. after pattemwise exposure, it is devetoped to fbmi a resist pattern with a desired line wklth. 
This resist pattern is dry or wet etched to transfer an image on the substrate. Integrated circuits with high integration 
can t>e manufactured by further conducting necessary steps such as plating, deposition, ion diffusfon, ion implantatioa 
eto. 

[0029] The polymer of the present invention represented by tiie general fomruila I or II can be synthesized as shown 
in following reaction scheme 1 or 2. 

Reaction schenie 1 




C«iNHCX— VD 

M N 
Reaction sch«iie 2 



CO ^ ^ 



ORjNHCX— YD 



Y r- r - -^m^ 



YD 
P 



N 



wherein 

R is a hydrogen atom or an aikyi group; Ri represents an alkylene group, a sut)Stituted alkylene group, a 
cycloalkylene gioupi a substituted cydoalkylene group, a phenylene group or a substituted phenylene group; R2 is an 
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optionally substituted, vinyl group-containing phenyl group. -OR4 or -COOR4 In which R4 is an alkyi group which has a 
double bond or epoxy group; R3 Is a halogen atom, a cyano group, an acetate group. -COOK -CONH2, a substituted 
or non-substituted phenyl group. -COOR5 or -OR5 in which R5 is a substituted or non-substituted straight-chained, 
cyclic or branched alkyl group, or an alkyt or aryl group containing an ester or carbonyl group: X is either O or S; Y is 

5 either O or NRe groip in which Re is a hydrogen atom, an optionally substituted phenyl or cyclic, straight-chained or 
branched alkyl group, D is an organic chromophore which absort)s the exposed wavelength (100-450 nm) and repre- 
sents a substituted or non-substituted, benzene ring, condensed ring, or heterocyclic ring bound directly or through an 
alkytene group; and m and n represents any number above zero, while o is any nurnber including zero. 
[0030] Of the polymers represented by the general formulae I and II. those polymers wherein R represents a hydrogen 

10 atom or a methyl group. Ri represents an ethylene group, R2 represents an optionally substituted, vinyl groi4>-contain- 
Ing phenyl groupi -OR4 or -COOR4 in which R4 represents an alkyl group containing a double bond. X represents oxy- 
gen, Y represents oxygen or a NH group, m. n and o each represents any number above zero are illustrated as 
prefened materials for manufacturing the composition for the anti-retflective coating or the Pght absorbing coating. 
Where R3 represents -COOR5. R5 preferably represents a methyl group, an acetoacetoxyethyl group, an ethyl group, a 

IS cydohexyl group or a hydroxyethyl group. 

[0031] As examples of D the fottowing groips are given but by no means limited to these exanples: phenyl. sut>sti- 
tuted phenyl, benzyl, substituted benzyl, naphthalene, sut^stituted naphthalene, anthracene, sut)stttuted anthracene, 
anthraquinone, substituted anthraquinone, acrkJine. substituted acrkJine. azobenzene. sut)8tituted azobenzene. ftuor- 
ime, substituted fluprime,fluorimone. substituted fiuorimone, cart>azole. sut>stituted cart^azole. N-alkylcart)azole. diben- 

20 zofuran, substituted dibenzofuran, phenanthrene. substituted phenanthrene. pyrene. substituted pyrene, etc. The 
8ut>stitution8 in the above description can be one or more of the following groups of: alkyl. aryl. halogen, alkoxy, hitro. 
aMehyde. cyano, amkJe. dialkylantino. sulfonamUe, intide. carboxylto add. carboxyllc acid ester, sulfonic acM. suHonte 
add ester, alkylamino, arylamino, eta 

[0032] Preferred examples of comonomer N and O in reactton schemes 1 and 2 are acrylates, methacrytates. vinyl 

2S ethers and styrene and it's derivatives. Specifw examples of oomonomer N indude p<fivinylbenzene, nfKlivinylben- 
zene. allyl vinyl ether, gtycidyl methacrylate and allyl methacrylate. Comonomer O is used for inrparting, to the polymer, 
high light absorbing property, high etch rate, solubility for a particular solvent good storage stability, curing (cross-link- 
ing) property or other desirable properties. For example, it is well known among ttiose skilled in the semkx>nductor 
industry that etch rate of the anti-reflective coating shouU be much faster than that of tiie resist in ortter to obtain good 

30 pattern transfer in the processing step after patternwise exposura Since aromatic compounds generally show poor etch 
rate, it is prefen-ed to use. as a comonomer, aliphatic monomers or monomers containing other atoms than carbon such 
as oxygen, nitrogen or halogen atom for the purpose of attaining an inaeased ^ch rate. In addition, glass transition 
tenperature (Tg) plays an Important rde in the intermixing property between the! anti-reflective coating or light absort>- 
ing coating and a photoresist coated thereon. Since the photoresist is applied onto the anti-refiective coating and 

3S exposed and developed, intermixing t>etween the anti-reflective coating and the photoresist wouM lead to irKomplete 
removal of the photoresist material upon devefopment Yet another problem when a chemically amplified photoresist 
material is applied onto the anti-reflective coating or light at>sori3ing coating witii low Tg is that the add formed in the 
resist upon exposure may diffuse into the anti-reflective coating or the like which leads to a distorted latent add image 
and tills can also cause incomplete removal of the photoresist material upon development. Therefore, it is desirable that 

40 anti-reflective coating materials or the like preferably have a glass transition temperature of at least above the maximum 
processing temperature used during thennal processings such as k>akir)g. Further, as conx)nomer6 for imparting sdu- 
bitity to the polymer, acrylates, methacrylates. etc. are usually used and, for increasing Tg. styrene and its derivatives 
are used. 

[0033] As examples of comonomer O, tiiere are illustrated methyl methacrylate, 2-hydroxyethyl methacrylate, ethyl 
45 methaaylate. methyl acrylate. 2-(metiiacryloyloxy)ettiyl metiiacrylate. aaylte add, acrylonitrile, acrylantide, 2-i80cy- 
arwitoettiyl methacrylate, 4-acetQxystyrene, 3-methyl-4-hydrQxystyrene. styrene, vinyl chloride, ethyl vinyl ether, butyl 
vinyl ether, isobutyl vinyl etiier, cydohexyl vinyl ettier. methyl vinyl ether, vinyl acetate. 2-isocyanatoethyl acrylate. etc. 
To illustrate these comonomers according to the properties to be imparted by them, there are those comonomers which 
further increase light absoriaing property when used together with tiie organic chronrK)phores, such as 2-isocyanatoe- 
so thyl methacrylate. 2-isocyanatoethyl achate, etc.; those comonomers which accelerates etch rate such as methyl 
methacrylate, 2-hydrqxyettTyl methacrylate. ethyl methacrylate. methy> aaylate. aaylte add, vinyl chtoride. etc.; those 
comonomers whfoh improve 8olubi% for the solvents commonly used as solvents fof photoresist such as propylene 
glycol monometiiyl ettier acetate (PGMEA) or ethyl lactate, such as 2-(methacryloylox^ethyl methacrylate. acrylfo add. 
4-acetoxystyrene. 3-methyl-4-hydroxystyrene, ethyl vinyl ether, butyl vinyl ether, isobutyl vinyl ether, cydohexyl vinyl 
» ettier. mettiyl vinyl ettier. vinyl acetate, etc.; ttiose comonomers whteh improve curing (aoss-linking) property such as 
2-isocyanatoetiTyl mettiacrylate, 2-isocyanatoettiyl acrylate, etc.; and ttiose comonomers which increase Tg such as 
styrene, 3-mettiyl-4-hydro3vstyrene. etc. However, ttie above-described spedffc examples and illustration according to 
the properties to be imparted should be construed as illustrative, and are not to be construed to limit tiie present inven- 
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tion. The polymers of the present invention may further contain, as comonomers. dicartx)xy!ic acid anhydrides or imides 
of dicarboxylic acid such as maleic anhydride, maleimide, N-substituted maleimide, etc. Two or more of the monomer 
conponents M, N, O and P including the optional comonomers may be used at the same time. 
[0034] Polymerization process of the present invention can be carried out in a suilat)le solvent using free radical or 
ionic reaction initiators. The copolymers of the present Invention may be of various structure such as rarxlom copoly- 
mers, block copolymers, etc. Preferred solvents to carry out the polymerization include toluene, tetrahydrofuran. ben- 
zene, dimethylformamide, dimehtylsulfbxide, ethyl lactate, propylene glycol monomethyl ether acetate (PGMEA), etc. 
These solvents may be used independently or as a combination of two a more of them. 

[0035] Specific exanples of reaction initiators include but not restricted to 2.2'-azobis(isobutyronitrile) (AIBN), 2,2'- 
azobis(4-methoxy-2.4-dimethylvaleronltrile), 2.2'-azobis{2-cyclopropylpropionitrile). 2,2'-azobis(2.4-dimethylvaleroni- 
trDe). 2.2'-azobis(2.4-dimethyipentanenitrile). l,1*-a20bis(cyclohexanecarbonitrile). benzoylperoxide. t-butytperoxyben- 
zoate. di-t-butyl diperoxyphthalate. t-butyi peraxy-2-ethylhexanoate. t-butyl peroxypivalate, t-amylperoxypivalate, 
butyllithium, etc. 

[0036] The molecular weight of the copolymers prepared in reaction schemes 1 and 2 ranges between 500 to 
5.000,000 daltons with respect to standard polystyrene as measured on a gel-pentieation chromatography (QPC). Pre- 
fen^ed molecular weight lies between 3,000 and 100,000 daltons considering the fflm forming property. soliA)llity char- 
acteristics, and thermal stability. The molecular weights of the obtained polymers depend on the polymerization 
conditions such as polymerization time, polymerization temperature, concentrations of the monomers and initiators 
used, reaction medium, etc. Therefore, molecular weight of the polymer can easily be controlled by optimizing these 
parameters. Polymers with a narrow nrwlecular weight distribution can also be obtained by choosing ionic polymeriza- 
tion. 

[0037] The mole ratio of comonomers in the copolymer In the reaction schemes 1 and 2 depends on the reaction rate 
of the respective monomers as well as the reaction conditions used and the mdar ratio of the comonomers taken in the 
reactton feed. The absorptton at the desired wavelength and refractive index of the final polymer pl^ an important rOle 
in the applicability of the polymer for antS-reflective coatings or light absorbing coatings. Absorption in the range of 2 to 
40 per micron film thickness is desired and between 5 and 25 is especially prefen-ed. Higher and kawer atjsorptton are 
not preferred as an anti-reflective coating. Refractivity index required for the bottom anti-reflective coating depends 
upon the refractivity index of the photoresist material applied on it The refractive index of the bottom anti-reflective coat- 
ing woM be the best if it exactly matches or at least lies doser to that of the resist layer applied thereon. The mole per- 
cent off the monomer containing the chromophore is important to control the absorption property since light absorbing 
property of the anti-retflective coating material depends on the molar absorptivity of the monomer and iTs mole ratto in 
the copolymer. Additionally, polymers having at least the recurring unit represented k>y the general formida ill or IV con- 
tain, as comonomers, comonomer components of the foregoing general formula I or II. and can be prepared in the same 
manner as with the polymers represented by the general formula I or II. In this case. In the foregoing reactton scheme 
1 or 2. for exan^e, m fe a number greater than 0. and n and o are numbers including 0. 

[0038] After t>eing separated from the solvent, these polymers can be again dissolved in a proper solvent to prepare 
a conposition for an anti-reflective coating or a light absorbing coating, and those polymers which permit to use the sol- 
vent used in synthesizing them also as the solvent for preparing the composition for the anti-reflective coating or light 
absorbing coating can be cBrectiy used as the composition for ttie anti-reflective coating or light absortxng coating with- 
out separation from the solvent. In such occasion, the solution after completion of the polymerization reaction can be 
directly applied onto a substrate such as wafer. The composition of tiie present invention for the anti-reflective coating 
or light absorbing coating is preferably filtered using, lor example. 0.5 and 0.2 micron filters to remove insolublef ine par- 
tk:les. The thus filtered solution is drecUy coated on a substrate such as wafer, tiien baked at a temperature off 50 to 
250 to forni an anti-reflective coating or a light absoriDing coating. 

[0039] In forming tiie anti-reflective coating or the light absorbing coating, it is also hrportant for the coating-making 
materials to have enough solutjility for the solvent As the solvent for tiie composition for an anti-reflective coating or a 
light absorbing coating, any solvent may be used as long as it has a good filnvforming property and can dissolve 
optional conponents such as surfactants, plastidzers, CTOSs-linWng agents or like adcGtives. Solvents witti enough 
safety are prefened. but solvents to be used are not limited to such safe solvents. From the viewpoint of safety and, fur- 
ther, dissolving ability, boiling point and film-forming ability, propylene glycol monometttyl ettier acetate (PGMEA), ettiyl 
lactate (EL), propylene glycol monomettiyl ether, cydohexanone, cydopentanone. 2-heptanone. ete. are preferred as 
the solvents. Tbese solvents may be used independently or as a combination of two or more. As is descra>ed above, 
solubility of the polymer of the present invention can be controHed by property selecting comonomers in tiie reaction 
schemes 1 and 2. 

[0040] In using the copolymer of the present invention represented by the general fornula i or II in the composition 
for an anti-reflective coating or light absorbing coating, additives such as surfactants, plaslicizers, cross-linking agents, 
thermal acid-generators, ottier polymers ttian tiie copolymers of the present invention may be incorporated in the com- 
position, if necessary, for forming a unifonm. defect-free anti-reflective coating or light absorbing coating on a semicon- 
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ductor 8ub8trate. As the surfactants . there are illustrated fluorine-containing compounds or siloxane conpounds, 
though not being limitative at all. In the case of using the polymer containing the recumng units represented by the gen- 
eral formula III and/br IV , a cross-linking agent and, as an ojational component, a themial acid-generator in the compo- 
sition for the anti-reflective coating or the light absort}ing coating, it is also possible to incorporate, if necessary. 

5 additives such as suitactants. plastidzers. polymers other than the copolymers of the present invention, etc. Use of the 
cross-linking agent serves to form an anti-reflective coating or a light absorbing coating having good non-intermixing 
property with a photoresist and causing no footing and leaving no resist residue. Additionally, copolymers of the present 
invention represented t>y tine general formula I or II, which have cross-linking groups within them, show good non-inter- 
mixing property and non-footing property owing to cross-linking or condensation of film matrix upon kxiking. As the 

10 aoss-linking agents, there are illustrated, for example, hexamethytmelamine. hexamethoxymethylmelamine, 1,2-dihy- 
drGDcy-N.N'-methoxymethylsuccinimkle, 1,2-dimettioxy-N,N*-methoxymethylsuccinimide, tetramethoxymethylglycolurile, 
and N.N'-methoxymettiylurea and. as the themial add-generator, there are illustrated, for example. N-trifluoromethyl- 
sulfonytoxyphthalimkie, N-trifluoromethyl-&ulfbnykixy-1.8-naphthalimide. N-methanesuHbnytoxyisophthalamide. etc. 
[0041 ] With the copolymers of the present invention represented by the general formula I or II. copolymerization ratio 

IS is generally such that m and n are 10 - 50 mol % and 1 - 40 mol %, respectively. 

[0042] The bottom anti-reflective coating material or the light absorbing coating material of the present invention per- 
mit to use either a positive-working resist or a negative-vMsrking resist to be coated thereon and are not particular about 
the type of the resist. Therefore, any of those whfoh are conventionally known as resists may be used. With any type 
resist, the material of the present invention enables one to form an image suffering no standing wave and no reflection 

20 notching due to reflection, provkle development property of not causing diffusion of photo-generated add, and fomi an 
image witii high resolution. AdditionaUy, as the resist chemically amplified resists and quinonediazkle type resists are 
prefen^ed from the viewpoint of resolution or the lik& Exposure is conducted using lights off 1 00 to 450 nm in wavelength. 

Best mode for practidng the Invention 

25 

[0043] The present invention is described in more detail by way of examples which, however, are not intended to limit 
the scope of the present invention. 

[0(M4] In tiie following examples, the bottom anti-reflective coating (BARC) was formed to evaluate the bottom anti- 
reflective coating materials according to the methods described in the following Application Example unless othenmse 
30 described. 

Application Example 1. 

[0045] A 3 wt % solution of ttie bottom anti-reflective coating material in an appropriate solvent was filtered using 0.5 
35 axxS O.2 micron filters, spin coated onto a 4 inches in diameter silicon wafer at suitable r.pm. for 40 secorxls such that 
the bottom anti-reflective coating film has a titickness of 60 nm after baking at 200 ''C for 60 seconds. The film was 
checked under miaoscope to identify any defects. The optical constants n (refractive index) and k (absorption param- 
eter) values of the film were measured on an elipsometer at the wavelength of 248 nm. 

[0046] Then, a 700-nm tiiick (after being baked) positive- or negative-woridng, chemk»lly amplified deep UV photore- 
40 sist. a 500-nm tttick positiv&Mridng resist for argon fluoride (1 93 nm) or a 1 000-nm positive- or negative-working i-line 
novolak resist was appGed onto the bottom anti-reflective coaling by spin-coating at a suitable r.p.m. for 40 seconds. 
The resist was soft baked for 60 seconds at 1 1 0 ""C and exposed on a stepper operating with an exdmer laser (248 nm) 
source in the case of ttie deep UV resist, on a stepper operating with an argon fluoride Gglht source in the case of the 
resist for 193-nm exposure, or an i-line (356 nm) stepper in ttie case of i-line resist using a retide witti line and space 
45 patterns. Following ttie exposure, ttie resist was baked at 90^C. developed for 60 seconds at 23 ''C using a 0.005 N 
tetramethylammonium hydroxide developer solution in the case of the resist for argon fluoride or a 2.38 wt % tetrsune- 
ttiylammonium hydroxide developer solution in ottier cases to form the resist pattern. The resist patterns were exam- 
ined on a scanning electron microscope to check the resolution, standing waves, reflective notching, and footing of ttie 
line and space. 

so [0047] In order to evaluate the step-coverage property of the bottom anti-reflective coating material, the tx>ttom anti- 
reflective coating material and the resist was again coated in ttiis order on ttie patterned wafer and processed as 
desaibed above, and the ttius-fomned pattern was checked using a scanning electron mforoscope. The etch rate of bot- 
tom anti-reflective coating materials were evaluated using oxygen and fluoride gas plasma. 
[0048] Additionatty. resists used for the evaluation are as fdlows. 

55 

Chemicallv amplified deeo UV photoresist 

[0049] Deep UV resist AZ-px-1 100P . manufactured by Hoediist A.Q. 
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5 


Positive-working resist for 1 93-nm exposure 


Ternary copolymer 


(Charged ratio) 




t-Butyl methaaylate 


30 




Methacrylic add 


40 


10 


Adamantyl methacrylate 


30 




Mwo20.000 






Amount of ternary copolymer 


20 wt % Ijased on solvent (PGMEA) 




Biscyckohexyldiazomethane 


1 wt % t>ased on solvent (PGMEA) 



15 



[OOSq i-Une resist AZ-7500, manufactured k»yHoechl$tA.G. 
20 [0051] The monomers for preparing the copolymers of the present invertion were prepared accord^^ 
Reference Examples. 

Reference Exanple 1. Synthesis of N.(1-arthracene)-NH2-niethacryioyloxyet^ 

2S [0052] In a dry three neck flask fitted with dropping funnel and thernrwmeter. there was added 38.65 g (0.2 moO of 1 - 
aminoanthracene and it was dissolved in 200 g of dry tetrahydrofuran. The solution was cooled to 10 using a ice- 
water tiath and to the cooled solution, there was added 31 .03 g of 2-methacryloyloxyethyl isocyanate drop by drop from 
the dropping funnel. After the addition of 2-methacryloytoxyethyl isocyanate, the solution was allowed to return to room 
temperature (25 **C} and it was stirred at tliat temperature for 24 hours. Tlie reaction mixture is a honrx)genous solution 

30 In the beginning and as the reaction between the isocyanate groups and antinoanlhracene proceeds, a yellow color 
crystalline product appear in the solution. The product was filtered using a glass filter, washed with n-hexane at least 
for 3 times and dried at 40*»C under vacuum (1 Ton). The product has a meWng point of 180 ± Z*C. The yieU ms 95 %. 
[0053] It was characterized using IR and NMR techniques. The infra-red spectrum of the product showed peaks at 
3341 cm-^ (N-H), 1 71 5 cm"^ (C=0. ester) and at 1 635 cm'^ (C=0. urea) as well as the complete disappearance of the 

ss twnd at 2278 cm'^ characteristic of the isocyanate groups of the starting material methacryloytoxyethyl isocyanate. The 
1 H-NMR spectrum of the product showed signals at 1 .9 ppm (3H/-CH3). 3.3 (2H) and 4.2 (2H) ppm (CHg). 5.7. 6.1 and 
6.8 ppmI2HA3H2=C(CH3)l, 7.5-8.8(9H/anlhracene H). The nwlar absorption of the compound at 248 nm vras 2.1x10* 
measured in methanol. 

40 Reference Exanple 2. Synthesis of N-(2-methacrylQyk»yethyl)-9-methylanthracene carbamate: 

[0054] In a dry three neck flask fitted vwth dropping funnel and thermometer, there was added 41 .65 g (0.2 mol) of 9- 
hydroxymethyl anthracene. 0.126 g of dibutyWn dilaurate and th^ were dissolved in 200 g off dry tetrahydrofuran. The 
solution was cooled to 1 0 •C using a ice-water bath and to the cooled solution, there was added 31 .03 g (0.2 moO of 2- 

45 methacryloyloxyethyl isocyanate drop by drop from the dropping funnel. After the additton of 2-m6thacryl6ylCKyethyl iso- 
cyanate. the solution was allowed to return to room temperature (25 *C) and it was stirred at that temperature for 24 
hours. Unlike Exanple 1 , the reaction mixture was homogenous through out the reaction. The solution was crystallized 
using THF/h-hexane mixed solvent it was filtered using a glass filter, washed with n-hexane at least for 3 tinnes and 
dried at 40*C under vacuum (1 Torr). The product has a meWng point of 125 ± 2*C. The yield was 95 %. 

so [OOSq It was characterized using IR and NMR techniques. The infra-red spectrum of the product showed peaks at 
3323 cm-^ (N-H). 1717 cm'^ (C=0, ester) and at 1707 cm*^ (C=0. carbamate) as well as the complete disappearance 
of the bond at 2278 cm*^ characteristk; of the isocyanate groups of the starting material methacryloylGocyethyl Isocy- 
anate. The ^ H-NMR spectrum of the product showed signals at 1 .82 ppm (3H/-CH3). 3.3 (4H/ CHg) and 4.083 (2H) ppm 
(CH2). 5.6-6.1 ppm [2H/CH2=C(CH3)]. 7.3-8.7(9H/anthracene H), The molar absorptton of the compound measured in 

^ methanol was fbund to be 9.9x10^ at 248 nnx 
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Reference Example 3. Synthesis of 9-antriracenemethyl metfiacrylate: 

[0056] In a dry three neck flask fitted with dropping funnel, thermometer and reflux condenser, there was added 87.5 
g (0.42 moO of 9-anthracene methanol. 500 ml of ethyl acetate, and 7.3 g (0.060 mol) of 4-dimethytamino pyridine. To 

5 this solution, there was added 83 g (0.54 mol) of methacrylic anhydride drop wise over a period of one hour under con- 
stant stirring. After completion of the addition of methaciylic anf^rkJe. the reactton mixture was heated to 60°C and 
stirred at that temperature for 4 hours. The solution was cooled to room temperature and the organic layer was washed 
with aqueous alkaline solution followed by water. The target product was obtained by evaporating the solvent of the 
organic layer. The crude yiekl was 80 g (73 %). 

10 [0057] It was characterized using IR and NMR technques. The infra-red spectrum of the product showed peak at 
1 71 7 cm*^ (CsO. ester). Hie ^ H-NMR spectrum of the product showed signals at 1 .82 ppm (s, 3H). 5.59 (s. 1 H). 5.9 (s, 
1 H), 6.2 (8. 2H). 7.49-7.7 (m. 4H). 8.12 (m. 2H), 8.4 (m, 2H)» 8.67 (s, 1 H). The woUar absorption of the compound at 248 
nm was found to be 1.05 X 10^ measured in methanol. 

15 Reference Example 4. Synthesis of N-anthracene methacrylamide: 

[0058] 25 g (0. 1 3 mol) of 1 -aminoanthracene was dissolved inl 20 ml of ethylacetate and to tNs solution, there was 
added 0.61 g (0.005 mol) of 4-dimethylaminopyrkjine. To the atx3ve solution thus prepared, there was added 24.6 g 
(0.16 mol) of methacrylic add anhydride drop wise over a period of 20 minutes. The reaction mixture was heated at 60 
20 ^'C for 4 hours and the solution was coded. The yellow precipitate obtained upon cooling was filtered, washed with ethyl 
acetate, and dried under vacuum. The yiekl was 18.6 g (60 g). The molar eteorptivity of the compound measured in 
methanol at 248 nm was found to be 4.1 X 10^. 

Example 1 . Copolymerization of N-(2-methacrytoyloxyethyl)-9-methylanthFacene cart>amate and glycklyl methacrylate 
26 and appltoation as a bottom anti-reflective coating: 

[0059] In a three neck flask fitted with condenser, nitrogen inlet and outiet. there was added 3.634 g (0.01 moQ of N- 
(2-methacryloyl0Kyethy1)-9-methylanthracene cart)amate. 2.844 g (0.02moO of glycidyl methacrylate. 0.28 g of a,a'- 
azobis(isobutyronitriie) and 70 g of tetrahydrofuran and the contents were purged with dry nitrogen. The reaction mix- 

30 ture was heated to 70 ""C and stirred at that temperature for 5 hours under flowing nitrogen. After the completion of tiie 
reaction, it was cooled to room tenperature and the polymer was reprecipitated into isopropanol. The white powder was 
dried under vacuum (1 Tor^ at room temperature to yieU 4.7 g (70 %) of polymer. The copdynner was found to have 
about 54 mol % of glycidyl methacrylate units based on the ^H-NMR spectrum. The polymer had a weight average 
molecular weight (Mw) of 32.242 and number average molecular weight (Mn) of 13.652 as measured on a gel-perme- 

35 ation chronntography using polystyrene standard. The polymer was dissolved in propyleneglycol monomethyl ether 
acetate (PQMEA) (3 wt % solids) and applied as a kxmom anti-reflective coating material and evaluated as described 
in the Application Example 1. The profiles showed no standing wave due to reflection and scattering of light however 
some rnternuxing between the bottom anti-reflective coating and resist was observed due to insufficient hardening of 
the film during baking. The bottom anti-reflective coating material had n and k values of 1 .49 and 0.51 respectively at 

40 248 nm and etch rate of 141 nmAnin. On the contrast the etch rate of ttie deep UV resist AZ-DK-1 100P manufactured 
byHoechstA.G. 

Example 2. Terpotymerization of N-(2-methacrylaylQxyethyl)-9-m6thylanthraoene cariaamate. 2-hydrQxyethyl methacr- 
ylate. and glycMyl methacrylate and application as a bottom anti-reflectfve coating: 

4S 

[0060] In a ttiree neck flask fitted with condenser, nitrogen inlet and outlet, there was added 3.634 g (0.01 mol) of N- 
(2-methacry1oytaxyethyO'9-methytanthracene cart^amate, 2.13 g (0.015 nnol) of glyctdyt metiiacrylate. 1.98 g 
(0.0l5mol) of glycidyl methacrylate. 0.31 g of a,a'-azobis(isobutyronitrile) and 70 g of tetrahydrofuran and the contents 
were purged with dry nitrogen. The reaction rrtixture was heated to 70 and stirred at that temperature for 5 hours 

69. under flowing nitrogen. After the completion of the reactron. it was cooled to room temperature arvl the polymer was 
reprecipitated into isopropanol. The white powder was dried under vacuum (1 Torr) at room temperature to yield 5.81 g 
(75%) of polymer. The terpolymer was found to have about 20 md % off glycxiyi rnethacrytate units bas^ ''H- 
NMR spectrum. The polymer had a weight average molecular weight (Mw) of 22.000 and nunt>er average molecular 
weight (Mn) of 13.350 as measured on a gel-permeation chromatography using polystyrene standard. 

55 [0061] The polymer was dissolved in propylene glycol monometfiyl ettier acetate (PQMEA) (3 wt % solids) and 
applied as a bottom anti-reflective coating material as described in the Application Example 1 . The profiles showed no 
standing waves due to reflection and scattering of light, the intermixing between resist and the bottom anti-reflective 
coating was reduced compared to the bottom anti-reflective coating material of Examples 1 due to aoss-linking by the 
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presence of reactive hydroxyl groips and glycidyl units. And the txrttom anti-reflective coating niaterial had n and k val- 
ues of 1 .56 and 0.40 respectively at 248 nm, and an etch rate of 144 nm/min. 

Exanple 3. Terpolymerization of N-{1-arTthracene)-N'-{2-methacryloyioxyethyl)urea, 2-hydrQxyethyl methacrylatie, and 
glycidyl methacrylate arid application as a bottom anti-reflective coating: 

[0062] This terpolymer was prepared similar to Example 2 except that N-{2-methacryloyloxyethyl)-9-melhylanthra- 
cene caibamate was replaced with N-(1-anthracene)-N'-(2-methacryioyl<»<yethyl)urea. The terpolymer was found to 
have about 20 md % of glycidyl methacrylate units based on the ^H-NMR spectrum. The polymer had a weight average 
molecular weight (Mw) of 26.450 and number average molecular weight (Mn) of 11, 340 as measured on a gel-pemne- 
atlon chromatography using polystyrene standard . . 

[0063] The polymer was dissolved in propylene glycol monomethyl ether acetate (PQMEA) (3 wt % solids) and 
applied as a bottom anti-ref leclive coating material and evaluated as described in the Application Example 1 . The pro- 
files showed no standing waves due to reflection and scattering of light, the bottom anti-reflective coating material had 
n and k values of 1 .56 and 0.43 respectively at 248 nm, and an etch rate of 140 nm/min. The intermixing txMtom anti- 
reflective coating was reduced compared to the material of Example 1 as with Example 2. 

Exanple 4. Copdymerization of N-(2-methacryloylaxyethyl)-9-methylanthracene carbamate and allyl methacrylate and 
application as a bottom anti-reflective coating: 

[0064] In a three neck flask fitted with condenser, nitrogen inlet and outlet, there was added 3.634 g (0.01 moQ off Ijl- 
(2-methacryloytoxyethyi)-9-melhylanthracene cart)amate. 3.78 g (0.03 mol) of allyl methacrylate, 0.30 g of a,a'-azabi8 
(isobutyronltrile) and 74 g of telrahydrofuran and the contents were purged with dry nitrogen. The reaction mixture was 
heated to 70 *C and stin-ed at that temperature for 5 hours under flowing nitrogen. After the completion of the reaction, 
it was cooled to room tenperature and the polymer formed was reprecipitated into isopropanot. The white powder was 
dried under vacuum (1 Torr) at room temperature to yield 6.1 g (82 %) of polymer. The copolymer was found to have 
about 70 mol % of allyl methacrylate units based on the ^ H-NMR spectrum. The polynrmr had a weight average molec- 
ular weight (1^) off 34.054 and number average molecular weight (Mn) of 12.322 as measured on a gel-permeation 
chromatography using polystyrene standard. ^ ^ 

[0065] The polymer was dissolved in propylene glycol monomethyl ether acetate (PQMEA) (3 wt % soOds) and 
applied as a bottom anti-reflective coating material as described in the Appltoation Example 1 . The proffies showed no 
standing waves due to reflection and scattering off light and the bottom anti-refflective coating material had n and k val- 
ues of 1.58 and 0.43 respectively at 248 nm and etch rate off 149 nm/htin. And no intermixing between resist and the 
bottom anti-reflective coating was ot>served. 

Exanple 5. Copolymerizatton off N-(1-anthracene)-N'-(2-methaCTytoyloxyethyl)urea and allyl methacrylate and applica- 
tion as a bottom antiH-efleclive coaling: 

[0066] Copolymerization was carried out similar to Example 4 except that N-(2-methacrylpyloxyethyO-9-methylanthra- 
cene carbamate was replaced with N-(l-anthracene)-N'-(2-methacryloytaxyethyl)urea. The copolymer was found to 
have about 64 mol % off allyl methaca-ylate units based on the ^ H-NMR spectrum. The polymer obtained had a weight 
average molecular weight (Mw) of 30.000 and number average molecular weight (Mn) off 13.455 as measured on a gel- 
permeation chromatography using polystyrene standard. 

[0067] The polymer was dissolved in propylene glycol monomethyl ether acetate (PGMEA) (3 wt % solWs) and 
applied as a bottom anti-reflective coating nraterial and evaluated as described in the Application Example 1 . The pro- 
ffiles showed no standing waves due to reflection and scattering of light and the bottom anti-reflective coating material 
had n and k values of 1 .64 and 0.46 respectively at 248 pm and etch rate of 139 nm/ntin. Addittonally, no intermixing 
between resist and the bottom anti-ref iective coating was observed. 

Exarrplee. Terpolymerization off N-(2-methacrylpytoxyethyl)-9-methylanthracene carbamate, methyl methacrylate. and 
allyl methacrylate and appficatton as a bottom anti-refflective coating: 

[0068] In a three neck flask fitted with condenser, nitrogen inlet and outlet, there was added 3.634 g (0.01 mol) of N- 
(2-methacryl0ytoxyethyl)-9-methylanthracene carbamate. 2.00 g (0.02 mol) of methyl methacrylate. 1 .26g (0.01 md) of 
allyl methacrylate. 0.28 g of o.a -azobis(isobutyronitrile) and 78 g of tetrahydrofuran and the contents were purged with 
dry nitrogen. The reaction mixture was heated to 70 and stined at that temperature for 5 hours under f towing nitro- 
gen. After the completion off the reaction. It was cooled to room temperature and the polymer formed was reprecipitated 
Into isopropanol. The white powder was dried under vacuum (1 Torr) at room temperature to yieU 4.5 g (65%) of poly- 
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mer. The terpolymer was found to have about 20 mol % of ally! methaaylate units based on the H-NM R spectrum. The 
polymer had a weight average molecular weight (IVIw) of 23.650 and number average molecular weight (Mn) of 9,265 
as measured on a gel-permeation chromatography using polystyrene standard. 

[0069] The polymer was dissolved in propylene glycol monomethyl ether acetate (PGMEA) (3 wt % solids) and 
5 applied as a bottom anti-reflective coating material and evaluated as described in the Application Example 1 . The pro- 
files showed no standing waves due to reflection and scattering of light and the bottom anti-reflective coating material 
had n and k values of 1.56 and 0.38 respectively and etch rate of 148 nnVmin. Additionally, no intermixing between 
resist and the bottom anti-reflective coating was observed. 

10 Exanple 7. Copolymerization of N-anthracene methaorylamide and allyl methacrylate and application as a bottom anti- 
reflective coating: 

[0070] Copolymerization was carried out similar to Example 4 except that N-(2-m6thacryloyloxyethyO-9-methylanthra- 
cene cart>amate was replaced with N-arthracene metiiaorylamide. The copolymer obtained was found to have about 
IS 70 mol % of allyl methacrylate units based on the '•h-NMR spectrum. The polymer had a weight average molecular 
weight (Mw) of 35,000 and number average molecular weight (Mn) of 19,455 as measured on a gel-pemneation chro- 
matography using polystyrene standard. 

[0071] The polymer was dissolved in propylene glycol nrwrromethyl ether acetate (PGMEA) (3 wt % solids) and 
applied as a bottom anti-reflective coating material and evaluated as described in the Application Example 1 . The pro- 
20 files showed no standing waves due to reflection and scattering of light and the bottom anti-reflective coating material 
had an and k values of 1 .54 and 0.42 respectively at 248 nm and etch rate of 141 nm/hiin. Additionally, no intermixing 
between resist and the bottom anti-rellective coating was observed. Example 8. Terpolymerization off N-(2-methacry- 
loylQxyethyO-9-methylanthraoene cart)amate, methyl methacrylate. and divinylbenzene and application as a bottom 
anti-reflective coating: 

26 [0072] In a three neck flask fitted with condenser, nitrogen inlet and outiet. there was added 3.634 g (0.01 nwl) off N- 
(2-methacryloylaxyethyl)-9-methylanthracene cart»amate. 4.00 g (0.04 mol) of methyl methacrylate. 0.65 g (0.005 mol) 
of divinylbenzene (55% m and p isomer), 0.33 g of a,a'-azobisfis<iutyronitiile) and 80 g off tetrahydrofuran and tiie con- 
tents were purged with dry nitrogen. The reaction mixture was heated to 70 **C and stinted at tffiat temperature for 5 
hours under f knmng nitrogen. After the completion of the reaction, it was cooled to room temperature and the polymer 

30 formed was repredpHated into isopropanol. The white powvder was dried under vacuum (1 Tonr) at room tenrperature to 
yieM 4.14 g (50 %) of polymer. The terpolymer was found to have about 7 mot % off vinylbenzene units based on the 
^H-NMR spectrum. The polymer had a weight average molecular weight (Mw) of 15.322 and nunt^er average molecular 
weight (Mn) off 9,822 as measured on a gel-permeation chromatography using polystyrene standard. 
[0073] The polymer was dissolved in propylene glycol monomettiyl ether acetate (PGMEA) (3 wt % solkte) and 

38 applied as a bottom anti-reflective coating material and evaluated as described in ttie Application Example 1 . The pro- 
ffiles showed no standing waves due to rellection and scattering off light and the bottom anti-refflective coating material 
had n and k values of 1.57 and 0.39 respectively and etch rate off 128 nmMn. Additionally, no intermixing between 
resist and the bottom anti-reflective coating weis observed. 

40 Exarrple 9. Terpolymerization off N-(l-anttvacene)-N*-(2-methacryloyloxyethyl)urea. methyl methacrylate, and divinyl- 
benzene and application as a bottom anti-reflective coating: 

[0074] Terpolymerization was carried out similar to Example 8 except that N-(24TiethacryloyloxyethyO-9-mettiylarittva- 
cene cart)amate was replaced with N-(1-anthracene)-N*-(2-melhacrytoyloxyethyOurea. The terpdymer was ffbund to 
45 have about 9 md % off vinylbenzene units based on the ^ H-NMR spectrum. The polymer obtained had a weight average 
molecular weight (Mw) off 16.450 and number average molecular weight (Mn) of 8,000 as measured on a gel-permea- 
tion chromatography using polystyrene standard. 

[0075] The polymer was dissolved in propylene glycol monomethyl ettier acetate (PGMEA) (3 wt % solids) and 
applied as a bottom anti-reflective coating material and evaluated as described in the Appltoation Example 1 . The pro- 
50 ffOes showed no standing waves due to reflection and scattering off light and the bottom anti-reflective coating material 
had n and k values off 1.67 and 0.40 respectively and etch rate off 132 nm/min. Additionally, no intemiixing between 
resist and the bottom anti-reflective coating was observed. 

Exarrple 10. Terpolymerization off 9-anlhracenemethyl methacrylate. methyl methacrylate, and cfivinylbenzene and 
55 application as a bottom anti-reflective coating: 

[0076] Terpolymerization was earned out similar to Example 8 except that N-(2-methacryloyloxyethyO-9-methylanthra- 
oene cartnmate was replaced with 9^anthracenemetiiyl mettiacrytiate. The terpolymer obtained was found to have 
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about 10 mol % of vinylbenzene units based on the ^H-NMR spectrum. The polymer had a weight average molecular 
weight (Mw) of 19,450 and number average nrwlecular weight (Mn) of 8,600 as measured on a gel-permeation chroma- 
tograpf^ using polystyrene standard. 

10077] The polymer was dissolved in propylene glycol monomethyl ether acetate (PGMEA) (3 wt % solids) and 
5 applied as a bottom anti>ref lective coating material and evaluated as described in the Application Example 1 . The pro- 
files showed no standing waves due to reflection and scattering of light arid the bottom anti-reflective coating material 
had n and k values of 1.57 and 0.39 respectively and etch rate of 130 nm/min. Additionally, no intermixing between 
resist and the bottom anti-reflective coating was observed. 

[0078] As descrbed in Examples 1 to 1 0. when a copolymer has an recurring unit having an epoxy group or double 
10 bond, no intermixing between resist and anti-reflective coating occurs due to curing of the anti-reflective coating by 
cross-linking after baking. Due to the curing of the anti-reflective coating, no footing and no leaving of exposed resist 
film upon development also occur. Further the anti-reflective coating showed the same good step coverage and storage 
stability as confvnercially available ones ornfK)re than that 

15 Exarrple 1 1 . Copdymerization of N-(2-methacryloylQxyethyl)-9-methylanthracene carbamate and methyl methaaylate 
and use of the copolymer in a txsttom anti-reflective cocrting formulation: 

[0079] In a three neck flask fitted with condenser, nitrogen inlet and outlet, there was added 3.634 g (0.01 mol) of N- 
(2-methacrylpyloxyethyl)-9-methylanthracene carbamate, 4.00 g (0.04 md) of methyl methacrylate, 0.23 g of a.a -azo- 

20 bis(isobutyionitrile) and 60 g of tetrahydrofuran and the contents were purged with dry nitrogen. The reaction mixture 
was heated lp 70 **C and stirred at that temperature for 5 hours under flowing nitrogen. After the completion of the reac- 
tion. It was cooled to room temperature and the polymer formed was repredpitated into n-hexane. The white powder 
was dried under vacuum (1 Torr) at room temperature to yield 4 g (86 %) of polymer. Ihs copolymer was found to have 
about 75 mol % of methyl methacrylate units based on the ^H-NMR spectrum. TTie polymer had a weight average 

2S rTK)lecular weight (Mw) of 33.700 and number average molecular weight (Mn) of 1 2.900 as measured on a gel-penne- 
ation chromatography using polystyrene standard. 

[0080] The polymer was dissolved in propylene glycol monomethyl ether acetate (PQMEA) (3 wt % solids) and 
applied as a bottom anti-reflective coating material and evaluated as descril^ed in the Application Example 1 . Intermix- 
ing of resist and the bottom anti-reflective coating material was observed. In the next step. 0.9 g of the copolymer, 0.1 8 

so g of nikalac (trade name of hexamethylmelamine supplied by Sanwa chemical company) cross-4inking agent and 0.01 8 
g of thermal add-generator. PI-105 (N-meflianesuHonyloxy isophthalamide. supplied by Midori Kagaku company) were 
(fissoh/ed in 30 ml of PGMEA and the sdution was applied as a bottom anti-reflective coating as described in tiie Appli- 
cation Exairple 1 . The prof Bes showed no standing waves due to reflection and scattering of light and tiie bottom anti- 
reflective coating had n and k values of 1 .58 and 0.40 respectively at 248 nm and etch rate of 138 nm/Mn. By the addi- 

55 tion of the cross-linking agent and the thenmal add-generator, no intermixing between resist and the bottom anti-reflec- 
tive coating comes to take place. 

Exanple 12. Copolymerization of N-(1-anthracene)-N'-(2-methacrytoylQxyettTyl)urea and methyl methacrylate and use 
of the copolymer in a bottom anti-reflective coating formulation: 

40 

[0081] The copolymer and the bottom anti-reflective coating formulation using ttie copolymer were prepared similar 
to Example 1 1 except tiiat N-(2-methacryloytoxyethyl)-9-methylanthracene cart>amate was replaced with N-(1 -anthra- 
cene)-N'-(2-mettiacryloykxxyettiyOurea. The polymer had a weight average mdecular weight (Mw) of 23,700 and 
number atrerage mdecular weight (Mn) of 9,000 as measured on a gel-permeation chromatography using polystyrene 
45 standaid. 

[0082] The polymer was dissolved in propylene glycd nfx>nomethyl ettier acetate (PQMEA) (3 wt % sdids) and 
applied as a bottom anti-reflective coating material and evaluated as described in the Application Example 1. Intermix- 
ing between resist and the bottom anti-reflective coating nraterial was observed. In ttie next step, 0.9 g of ttie copolymer, 
0.18 g of nikalac (trade name of hexamettiytmelamine supplied by Sanwa chemtoal company) aoss-IinWng agent and 

so 0.018 g of tiiermal add-generator, PI-105 (N-methanesuHonyloxy isophttialamide. supplied by Mkiori Kagaku company) 
were dissolved in 30 ml of PGMEA and the solution was applied as bottom anti-reflective coating and evaluated as 
described in the Application Example 1 . The proffles showed no standing waves due to reflection and scattering of light 
and tiie bottom anti-reflective coating material had n and k values of 1 .59 and 0.42 respectively at 248 nm and etch rate 
of 1 36 nm/min. By the addition of the cross-linking agent and ttie thermal add-generator. no intemriixing between resist 

ss and the bottom anti-reflective coating comes to take plaoa 
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Example 13: Copolymerization of N-(2-methacrytoyloxyethyl)-9-methylanthracene carbamate aixl 2-(methacyloy- 
laxy)ethyl acetoacetate and use of the copolymer in a bottom anti-reflective coating formulation: 

[0083] In a three neck flask fitted with condenser, nitrogen inlet and outlet, there was added 3.634 g <0.01 mol) of N- 
5 (2-methacry1oylo)cyethyl)-9-methylanthracene cartjamate, 2.142 g (0.01 mol) of 2-(methacyloylQxy)ethyl acetoacetate, 

0. 23 g of a.a*-a20bis(isobutyronitrile) and 60 g of tetrahydrofuran and the contents were purged with dry nitrogen. The 
reaction mixture was heated to 70 *»C and stirred at that temperature for 5 hours under flowing nitrogen. After the com- 
pletion of the reaction, it was cooled to room temperature and the polymer formed was reprecipitated into isopropanoL 
The white powder was dried under vacuum (1 Torr) at room temperature to yieW 5 g (87 %) of polymer. The copolymer 

10 was fbund to have about 45 mol % of 2-(methacytpyloxy)ethyl acetoacetate units based on the ^ H-NMR spectrum. The 
polymer had a weight average molecular weight (Mw) of 23.700 and number average molecular weight (Mn) of 12.900 
as measured on a gel-permeation chromatography using polystyrene standard. 

[0064] 0.9 g of the copolymer. 0.18 g of nikalac (trade name of hexamethylmelamine supplied by Sanwa chemical 
conpany) cross-linking agent and 0.018 g of thermal acid-generator. PI-105 (N-methanesulfonyloxy isophthalamide, 

IS supplied by Midori Kagaku company) were dissolved in 30 ml of PGMEA and the solution was applied as a bottom anti- 
reflective coating material and evaluated as described in the Application Example 1 . The profiles showed no standing 
waves due to reflection and scattering of light and the bottom anti-reflective coating material had n and k values of 1 .54 
and 0.35 respectively at 248 nm and etch rate of 1 43 nm/niin. By the addition of the cross-linking agent and the thermal 
ackJ-generator, no intermixing between resist and the bottom anti-reflective coating comes to take place. 

20 [0085] Additionally, the anti-reflective coatings in Examples 1 1 to 13 showed the same good step coverage as com- 
mercially available ones or more than that 

Advantages of the Invention 

25 [0086] As has been described in detail, the polymers of the present invention show good light absorbing property for 
exposing lights of 100 to 450 nm in wavelength, and the composition for the anti-reflective coating or the light absorbirig 
coating containing the polymer has such a high effect of preventing reflection of irradiation light from tiie 8ut>strate that 
it does not cause tiie problem of standing waves or reflective notching. The copolymers cause cross-linking or curing 
of the coating upon t>aking owing to tiie cross-linking group tiiereof . thus diffusion of photo-generated acki into the anti- 

30 reflective coating or the like and Intermixing between the resist and the anti-reflective coating or the like being pre- 
vented. In addition, footing or remaining of the coating upon development do not take place, and excellent storage sta- 
bility and step coverage are attained. Therefore, a resist pattem with high resolution and high accuracy can easily be 
fbrmed. whtoh greatfy contributes to tiie production of tC witti high integration. 

35 Industrial Applicability 

[0087] As has been described hereinbefore, in manufacturing integrated drcuits with high integratk)n. the composition 
for the anti-reflective coating or the light atssorbing coating in accordance with the present invention is useful as a com- 
position for forming an anti-reflective coating or a light absoilDing coating in forming a resist pattern. Further, the poly- 
40 mera in accordance with the present invention are used as components of these compositions fbr the anti-reflective 
coating or the light ak)6orblng coating and can impart to the resulting anti-reflective coating or light alMorbing property 
good anti-reflective property or light absortMng property and cross-linking property of the coating. 

dafms 

1 . A conposition for an anti-r^lective coating or a light absottring coating containing a polymer represented by gen- 
eral formula I: 



so 



55 
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CO R2 



R3 



ORiNHCX — YD 



wherein 

R represents a hydrogen atom or an alM group; Ri represents an alkylene group, a substituted alkylene 
group, a cydoalkylene group, a substituted cycloallcylene group, a phenylene group or a substituted phenylene 
group; R2 represents an optionally substituted, vinyl group-containing ph^ group. -OR4 or -COOR4. in which R4 
represents an alkyi group having a double bond or epoxy group; R3 represents a halogen atom, a cyano groi^. an 
acetate group. -CCX)H. -CONHa. a substrtuted or non-substituted phenyl group. -COOR5 or OR5. in which R5 rep- 
resents a substituted or non-substituted straight-chained, cyclic or branched alkyI group, or an aikyi or aryl group 
containing an ester or carbonyl group: X is either O or S; Y is either O or NRe group in which Rg is a hydrogen atom 
or a substituted or non-sut>stituted phenyl or cyclic, straight-chained or branched alkyI group; D is an organic 
chromophore which absort>s the exposed wavelength (100-450 nm) and represents a substituted or non-substi- 
tuted, benzene ring, condensed ring or heterocyclic ring bound directly or through an alkylene groip; and m and n 
are any numbers greaterlhan 0 and o is any number including zera 

A conposition for an anti-reflective coating or a light absorbing coating containing a polymer represented by gen- 
eral Ibnmula II: 



CO 



R3 



YD 



wherein 

R represents a hydrogen atom or an alkyI group; R2 represents an dptfonally substituted, vinyl group-con- 
taining phenyl group. -OR4 or -COOR4, in whfch R4 represents an alkyI group which has a doitole bond or epoxy 
group; R3 represents a halogen atom, a cyano group, an acetate group. -COOH. -CONH2. a substituted or non- 
substituted phenyl group, -COOR5 or -OR5, in which R5 represents a sitetituted or non-substituted straight- 
chained, cyclic or branched alkyI group, or an alkyI or aryl group containing an ester or caitoo iiyl group; Y is either 
O or NRe group, in which Re represents a hydrogen atom or a substituted or non-substituted pheriyl or cyclic, 
straight-chained or branched alkyI group; D is an organic chromophore which absort)s the exposed wavelength 
(100-450 nm) and represents a substituted or non-sut«t'tuted, benzene ring, condensed ring or heterocyclic ring 
bound cfirectly or through alkylene group; and m and n are any numbers greater than 0 and o is any number includ- 
ing zenx 

3. A corrvx)sitk>n for an anti-ref leclive coating or a light absorbing coating aooorcfing to claim 1 . wherein R in the gen- 
eral formula I is a hydrogen atom or a methyl group; Ri is an ethylene group: X Is O; Y is either O or NH group; Rg 
is an optionally substituted, vinyl group-containing phenyl group; R3 is a hatogen atom, a cyano group, an acetate 
group. -COOH. -CONHg. a substituted or non-substituted phenyl group. -CCXDRs or -OR5. In whtoh R5 represents 
a substituted or non-substituted straight-chained, cyclic or branched alkyI group, or an alM or aryl group containing 
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an ester or caibonyl group: 0 is an organic chromophore which absorbs the exposed wavelength (1 00-450 nm) and 
represents a sut)8tituted or non-substituted, benzene ring, condensed ring or heterocyclic ring bound directly or 
through an alkylene group; and m, n and o are any numbers greater than 0. 

A composition for an anti-reflective coating or a light absorbing coating according to claim 1 . wherein R in the gen- 
eral formula I is a hydrogen atom or a methyl group: Ri is an ethylene group: X is O; Y is either O or NH group: R2 
is -COO R4 in which R4 represents an alkyi group having a dout)le bond or epoxy group; R3 represents a halogen 
atom, a cyano group, an acetate group, -COOH. -CONH2. a substituted or non-substituted phenyl group. -COORs 
or -OR5. in which R5 represents a substituted or non-sUbstituted straight-chained, cyclic or branched alkyI group, 
'or an alkyI or aryl group containing an ester or cartx>nyl group: D is an organic chromophore which ak)Sorb8 the 
exposed wavelength (100-450 nm) and represents a substituted or non-substituted, benzene ring, condensed ring 
or heterocyclic ring bound directly or through an alkylene group; and m. n and o are any numbers greater than 0. 

A composition for an anti-reflective coating or a light absorbing coating according to claim 4. wherein R3 is -OOOR5 
in which R5 Is a methyl group, an acetoacetoxyethyl group, an ethyl group, a cycfohexyl group or a hydroxyethyl 
groi^. 

A composition tor an anti-reflective coating or a light absorbing coating according to claim 2, wherein R In the gen- 
eral formula II represents a hydrogen atom or a methyl group: R2 represents an optionally substituted, vinyl group- 
containing phenyl group; R3 represents a halogen atom, a cyano group, an acetate group, -CXX)H. -CON^^, a sub- 
stituted or non-substituted phenyl group. -COOR5 or OR5. in whteh R5 represents a substituted or non-substituted 
straight-chained, cyclic or branched alkyl group, or an alkyI or aryl group containing an ester or cartx>nyl group; Y 
is either O or NH group; D is an organfo chromophore which absorbs the exposed wavelength (100-450 nm) and 
represents a sut)Stituted or non-substituted, benzene ring, condensed ring or heterocyclic ring bound directly or 
through an alkylene group: and m. n and o are any numbers greater than 0. 

A composition for an anti-reflective coating or a light at)sorbtng coating according to claim 2. wherein R in the gen- 
eral fornrula ii represents a hydrogen atom or a methyl group; R2 is -COOR4. in which R4 represents an alkyl group 
having a doiisle bond; B3 represents a halogen atom, a cyano group, an acetate group. -COOH. -CONH2. a sub- 
stituted or non-substituted phenyl group, -CO6R5 or OR5. in which R5 represents a substituted or non-substituted 
straight-chained, cydfo or branched alkyl groups or an alkyl or aryl group containing an ester or carbonyl group; Y 
is either O or NH group; D is an organic chromophore wNch absorbs the exposed wavelength (100-450 nm) and 
represents a substituted or non-substituted, benzene ring, condensed ring or heterocyclic ring bound directly or 
through an alkylene group; and m and n are any nunibers greater than 0 and o is any number Including 0. 

A compositfon for an anti-reflective coating or a light absorbing coating comprising a polymer having at least one 
recurring unit represented by folfowing general formula III or general formula IV. a cross-linking agent and a ttiermal 
ackJ-generator: 
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General formula III 

R 




CO 



ORiNHCX YD 

General fozxnula IV 

CO 

I 

YD 



wherein 

R represents a hydrogen atom or an alkyi group; Ri represents an alkylene groups a substituted alkylene 
group, a cydoalkylene group, a substituted cycloalkylene group, a phenylene group or a substituted phenylene 
group; X is either O or S; Y is either O or NRe group, in which Re is a hydrogen atom or a substituted or non-sub- 
stituted phenyl or cydic, straight-chained or branched alkyi grotp; D is an organic chrorrxjphore which absorbs the 
exposed wavelengtfi(100-450nm) and represents a substituted or non^bstituted, benzene ring, condensed ring 
or heterocydk; ring bound directly or through an alkylene group. 

9. A compositton for an anti-reflective coating or a light absorbing coating according to any one of da ims 1 to 8, 
wherein an organic chromophore is a group selected from phenyl, sut>stituted phenyl, benzyl, substituted benzyl, 
napthalene. substituted rapthalene, anthracene, sutstituted anthracene, anthraquinone, substituted anthraqui- 
none. acridine. sukjstituted acridine. azobenzene, substituted azobenzene, fiuorime, substituted ffluorime, fluori- 
mone. substituted fluorimone. cartjazde, substituted cart>azole. N-alkytearbazole, dibenzofuran. substituted 
dibenzofuran. phenanthrene, substituted phenanthrene, pyrene and substituted pyrene. in which the substitutions 
being at least one group selected from alkyi. aryl, halogen atom, alkoxy, nitro, aldehyde, cyano. amide, 
dialkytamino. sulfonamide, imide, carboxylic add. carboxylk: add ester. suHbntc add. suHbnic acid ester, alkylamino 
andcuylamina 

10. A polymer represented tsy general formula I: 



R R R 




CO R2 R3 



ORiNHCX— YD 

wherein 
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R represents a hydrogen atom or an alkyi group: Ri represents an alkytene group, a substituted alkylene 
group, a cycloalkylene group, a substituted cycloafkylene group, a phenylene group or a sub^ituted phenytene 
group; R2 represents an optionally substituted, vinyl group-containing phenyl group, -OR4 or -COOR4, in which R4 
represents an alkyI group which contains a double bond or epoxy group; R3 represents a halogen atom, a cyano 
group, an acetate group. -CCX)H. -CX)NH2. a substituted or non-substituted phenyl group. -COQRs or -OR5. in 
which R5 represents a substituted or non-substituted straight-chained, cyclic or branched alkyI groups or an alkyI or 
aryl group containing an ester or carbonyl group; X Is either O or S; Y is either O or NRe grotp. in which Rg is a 
hydrogen atom or a substituted or non-substituted phenyl or cyclic, straight-chained or branched alkyI groip: D is 
an organic chromophore which absort)s the exposed wavelength (100-450 nm) and represents a substituted or 
non-substituted, benzene ring, condensed ring or heterocyclic ring bound directly or through an eSk^ene group; 
and m and n are any numbers greater than 0 and o is any number including zero. 

11. A polymer represented by general formula II: 



R R R 



20 




wherein 

R represents a hydrogen atom or an alkyI group; R2 represents an optionally sut>stituted. vinyl groip-con- 
taining phenyl group. -OR4 or -COOR4. in which R4 represents an alkyI group whtoh has a doutsle bond or an epoxy 

. 30 group; R3 represents a hatogen atom, a cyano group, an acetate group. -COOH. -CONH2. a sut)dituted or non- 
sukjstituted phenyl group. -COOR5 or -OR5. in which R5 represents a substituted or non-substituted straight- 
chained, cyclic or bremched alkyI group, an aikyi or aryl group containing an ester or cartx)nyl group; Y represents 
either O or NRg group, in whteh Re represents a hydrogen atom, a substituted or non-substituted phenyl or cyclic, 
straight-chained or branched alkyI groip; D is an organic chromophore which absortis the exposed wavelength 

35 (100-450 nm) and represents a substituted or non-sUbstituted, benzene ring, condensed ring or hetero^dic ring 
bound directly or through an atkylene group; and m and n are any numbers greater than 0 and o is any nunt>er 
inducfing zenx 

12. A mettKXl for preparing a composition for an anti-reflective coating or a light absoibing coating comprising that the 
40 polymers represented by the general formula I in daim 10 and/or general formula II in claim 1 1 are^s dissolved in 

at least one off solvents. 

13. A method for fomning an anti-reflective coating or a light absorbing coating comprising steps of: filtering the com- 
position for an anti-reflective coating or a light absorbing coating produced by the method described m daim 12. if 

45 necessary; coating the compositton onto a substrate: and baking the coated substrate at 50 to 250 ^'C. 

14. An anti-reflective coating or a light at)sorbing coating formed ksy the method descrit)ed in claim 13. 

15. A method for manufacturing a integrated drcuit which contains steps of: applying a positive- or negative-wortdng 
so photoresist which is sensitive to ultraviolet ray of at least one wavelength in the range of atXHit 1 0Onm to 450nm on 

the anti-reflective coating or a light absorbing coating described in claim 14; exposing the substrate coated with the 
anti-reflective coating or light absort>ing coating and the photoresist; devefoping the exposed photoresist: and 
transferring the image onto the substrate t>y dry or wet etching to form an integrated drcuit element 

S5 
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